Objective: Development of new electronic devices with applications in computer science as well as new medical devices pushed the researcher to find new technologies. Based on those new techniques we have designed and synthesized compounds with possible application in the field of advanced materials. Material and method: Compounds were analyzed by TLC and NMR. Routine 1H NMR (250 MHz) spectra were recorded at room temperature in deuterated acetone, unless stated otherwise. Thin-layer chromatography (TLC) was carried out on aluminum sheets coated with silicagel 60 F254 Merck TLC plates. Results: Starting from commercial available compounds intermediates were obtained in a good yield. 4,4'-(2,4,8,10-tetraoxaspiro[5.5]undecane-3,9-diyl)diphenol was obtained starting from pentaerythritol and p-hydroxy-benzaldehyde in the presence of catalytic amounts of APTS (p-toluensulfonic acid). The product was purified by recrystallization and characterized by NMR spectroscopy. The structure exhibit 2 different signals for equatorial and axial position. Furthermore di, tri and tetra ethylene glycol were obtained by microwave assisted synthesis in a matter of minutes. Compounds were separated by recrystallization. Conclusions: In conclusion, several intermediates were synthesized and characterized from spectroscopic point of view. Further analyses should be carried out and the compounds should be tested as advanced materials.
Introduction
Macrocyclic compound played a major role in the field of supramolecular chemistry because they can form organized supramolecular assemblies. Usually these macrocyclic have cavity of different size and can accommodate small or large molecules by host-guest interactions [1] .
The design and synthesis of new macrocyclic compounds remain of great interest due to wide applications such as catalysis [2] [3] [4] , advanced materials [5] [6] [7] and medicine [8] [9] [10] [11] .
One narrow domain of supramolecular chemistry is the field of molecular machine. Such as cars are driven by the conversion of piston action into a rotary motion, there are molecules that can undergo programmed motions in response to different stimuli. Molecular analogues of a variety of mechanical devices such as molecular rocking chair [12] , rudder, wringer [13] , shuttles [14] , molecular elevator [15] , unidirectional rotors [16] , and tweezers have been created. But these "molecular machines" have been controlled by structural transition between two or more stable states in a reversible manner by one single moiety using external stimuli such as light, temperature or pH.
The aim of our work was the design and synthesis of some precursors of some macrocyclic compounds which incorporate 2 different switchable units and can be valuable compounds for synthesis of new photochemically and conformational controlled molecular devices. Converting light-energy in "molecular motion" by cis-trans isomerization is one of the most studied and applied system by researchers. Usually azobenzene [17] or stilbene [18] derivatives are used due to the possibility of controlling the isomerization by both UV light and thermal relaxation [19] . Photoisomerization of azobenzene derivatives have been used to control electronic properties of more complex compounds [19] or to drive the folding/unfolding of peptide chains [20] . Therefore, we have considered of great interest the synthesis of some intermediates as building blocks for new macrocycles which can incorporated two or more switchable units.
Material and methods
All reagents were acquired from Sigma Aldrich, Merck or Alfa Aesar and were used without any further purification. Routine 1 H NMR (250 MHz) were recorded at room temperature (r.t.) in CD 3 COCD 3 , unless stated otherwise on a Bruker 250 MHz spectrometer, using the solvent line as reference. Chemical shifts (δ) are reported in parts per million (ppm) values using residual solvent peak as internal reference and the coupling constants (J) are in Hertz (Hz). Multiplicities are abbreviated as: s-singlet; d-doublet; dd-doublet of doublet; t-triplet; q-quadruplet and m-multiplet. Compounds were analyzed by TLC and NMR. Thin-layer chromatography (TLC) was carried out on aluminum sheets coated with silicagel 60 F 254 Merck TLC plates.
Melting points were determined using a Boetius microscope and represent uncorrected values.
The irradiation was carried out in a domestic microwave oven (Samsung, model MS23F301EAK).
A mixture of 3-hydroxybenzaldehyde (1.22 g, 1 mmol), pentaerythritol (680 mg, 0.5 mmol) and paratoluensulfonic acid (38 mg, 0.2 mmol) were stirred under reflux in a two-necked glassware flask connected to a Dear-Stark apparatus in about 100 mL toluene. The reaction was monitored by thin layer chromatography on silica gel coated plates Merck 30-F 254 using pentane:ethylacetate mixture (9:2 v/v). After completion of the reaction the mixture was washed three times with water, dried over Na 2 SO 4 , and filtered. Evaporation of the solvent in vacuo gave the desired crude product. The product was purified furthermore by recrystallization from ethanol (yield: 23%, mp 243-247 °C). 1 General procedure for synthesis of di-, tri-and tetraethylene glycol ditosylate All compounds were obtained using a modified procedure described by Kazemi and coworkers [21] . 10.13 g K 2 CO 3 (73.42 mmol), 50 mmol alcohol and 13.24 g (69.5mmol) p-toluenesulfonyl chloride were charged into a mortar and grinded vigorously for about 15 minutes. A small amount of the mixture was dissolved in dichloromethane and the reaction progress was monitored by thin layer chromatography on silica gel coated plates Merck 30-F254) using dichloromethane:pentane mixture (1:2 v/v). The excess of tosyl chloride was removed by addition of about 2 mL of t-BuOH and irradiated (600 W) in a domestic microwave for about 3 minutes (caution: a smoke was generated during the irradiation; therefore, the entire process was carried out under a very good ventilated chemical hood). The reaction mixture was stirred with ethylic ether washed twice with small portion of brine and the combined organic layers were dried over Na 2 SO 4 and the solvent was removed using a rotary evaporator. The crude product either purified by recrystallization or by flash-chromatography (using a mixture of pentane:dichloromethane as eluent) affording pure tosylated compound.
Diethyleneglycol 
Results
Since molecular devices are nowadays mostly controlled by mean of UV light we have thought that also conformational changes can be a way of controlling nanoscale devices. Therefore, we have designed a macrocyclic compound that bears both a spiran unit and a azobenzene moiety linked by polyethylene glycol linkage. In the first step, we have synthesized the spiran unit starting from commercially available reagents (scheme 1) in the presence of para-toluene sulfonic acid (PTSA) as catalyst.
Spiran 3 was characterized by NMR spectroscopy and melting point was determined using a Boetius microscope. Both melting point [22] and NMR are in accordance with literature data.
Also, we have synthesized 3 polyethylene glycol ditosylate starting from corresponding alcohol and tosyl chloride in a manner of minutes using a solvent-free modified method described previously in the literature by Kazemi and coworkers [21] (Scheme 2). 
Discussions
Since saturated six membered ring are one of the most studied class of compounds regarding the conformational changes we had in mind the design and synthesis of some macrocyclic compounds bearing this moiety. Since we intended to have a friendly green synthesis we have avoid using toxic solvents in the synthesis and we have tried to obtain the compound 3 following a method described in the literature [23] using a domestic microwave. Unfortunately, after irradiation in a domestic microwave an insoluble black tar was obtained. Therefore, we have followed classical method of synthesis of diacetals using acidic conditions (scheme 1). Aryl derivatives of 2,4,8,10-tetraoxaspiro [5.5] undecane have specific helical and axial chirality [24] . On the other hand, 1,3-dioxane rings have an anancomeric structure where the conformational equilibrium is strongly shifted towards the conformer where aryl groups are in equatorial position. Due to the spiro skeleton which exhibit helical chirality, under reaction condition, the product is a racemic mixture of both M and P helix configuration [24] (Scheme 3).
Because of this conformational arrangement, NMR spectrum of compound 3 exhibit different signals for axial and equatorial protons from positions 5 and 7, as well as protons from positions 1 and 11. Methylene from positions 5 and 7 are oriented towards the other 1,3-dioxane ring, being called methylene inside. The other two positions (1 and 11) which are oriented in the opposite direction are called methylene outside [25] . All the protons from spiran skeleton exhibit two AB (AX) systems. Also, a long-range coupling split supplementary the equatorial protons. This was happened because of a "W (M)" arrangement of the bonds in a way of H eq -C 1(11) -C 6 -C 5(7) -H eq between equatorial positions, therefore the signals for protons form equatorial positions are seen as doublets of doublets ( figure 1) .
Also, the equatorial protons of the methylene inside positions are more deshielded than those of outside position.
Furthermore, three ditosylated polyethylene glycol were synthesized using a very convenient solvent-free method, starting from alcohol and tosyl chloride in basic media. Reaction is very quick and occur in very good yield.
Conclusions
In conclusion, we have synthesized and characterized one spiran showing different signals in NMR spectra for equatorial and axial positions. Also, due to spatial conformation of the spiran skeleton differences occur between inside and outside methylene protons in 1 H-NMR. Di-, tri-and tetra glycol ditosylated were obtained in good yield in a solventfree condition.
